Influence of olfactory and visual cover on nest site selection
and nest success for grassland-nesting birds by Fogarty, Dillon T. et al.
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Agronomy & Horticulture -- Faculty Publications Agronomy and Horticulture Department 
2017 
Influence of olfactory and visual cover on nest site selection and 
nest success for grassland-nesting birds 
Dillon T. Fogarty 
University of Nebraska-Lincoln, Dillon.fogarty@huskers.unl.edu 
Dwayne Elmore 
Oklahoma State University, dwayne.elmore@okstate.edu 
Samuel D. Fuhlendorf 
Oklahoma State University, sam.fuhlendorf@okstate.edu 
Scott R. Loss 
Oklahoma State University, scott.loss@okstate.edu 
Follow this and additional works at: https://digitalcommons.unl.edu/agronomyfacpub 
 Part of the Agricultural Science Commons, Agriculture Commons, Agronomy and Crop Sciences 
Commons, Botany Commons, Horticulture Commons, Other Plant Sciences Commons, and the Plant 
Biology Commons 
Fogarty, Dillon T.; Elmore, Dwayne; Fuhlendorf, Samuel D.; and Loss, Scott R., "Influence of olfactory and 
visual cover on nest site selection and nest success for grassland-nesting birds" (2017). Agronomy & 
Horticulture -- Faculty Publications. 1015. 
https://digitalcommons.unl.edu/agronomyfacpub/1015 
This Article is brought to you for free and open access by the Agronomy and Horticulture Department at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Agronomy & Horticulture -- 
Faculty Publications by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 
Ecology and Evolution. 2017;7:6247–6258.	 	 	 | 	6247www.ecolevol.org
Received:	23	February	2017  |  Revised:	22	May	2017  |  Accepted:	30	May	2017
DOI: 10.1002/ece3.3195
O R I G I N A L  R E S E A R C H
Influence of olfactory and visual cover on nest site selection 
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duction	 because	 nests	 are	 exposed	 to	 extreme	 weather	 and	 predation	 pressure.	
Predators	 that	 forage	 using	 olfaction	 often	 dominate	 nest	 predator	 communities;	
therefore,	factors	that	influence	olfactory	detection	(e.g.,	airflow	and	weather	varia-
bles,	including	turbulence	and	moisture)	should	influence	nest	site	selection	and	sur-




influencing	 nest	 survival.	 In	managed	 grasslands	 in	Oklahoma,	 USA,	we	monitored	













mechanistic	 approaches	 to	 studying	cover	 informs	which	dimensions	are	perceived	
and	selected	by	animals	and	which	dimensions	confer	fitness-	related	benefits.
K E Y W O R D S
avian	nest	survival,	cover,	habitat	selection,	nest	site	selection,	olfactory	concealment,	olfactory	
predators,	precipitation,	weather
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1  | INTRODUCTION
Animal	 habitat	 selection	 has	 major	 implications	 for	 survival,	 repro-
ductive	success,	 fitness,	and	population-	level	processes,	and	habitat	
selection	 is	 strongly	 influenced	 by	 both	 environmental	 	constraints	







and	 applied	 ecological	 research	 has	 addressed	 relationships	 among	




Predators	 locate	 prey	 items,	 including	 nests,	 based	 on	 learned	
suites	of	sensory	cues	that	can	be	visual,	thermal,	aural,	and/or	olfac-
tory	 (i.e.,	 search	 images;	Carthey,	 Bytheway,	&	Banks,	 2011;	Nams,	
1991;	Santisteban,	Sieving,	&	Avery,	2002).	Evolutionary	theory	pre-
dicts	 that,	 to	 avoid	 predation,	 prey	 should	 select	 habitat	 that	mini-
mizes	 their	 signals	or	 sign	 (e.g.,	 scent,	noise,	 and	visual	 and	 thermal	
appearance)	used	by	dominant	predators	(Van	Valen,	1973).	Because	
nest	predator	communities	are	often	dominated	by	species	that	forage	
primarily	 using	 olfaction	 (hereafter,	 olfactory	 predators;	 Burghardt,	



















nests	 (Conover,	 2007;	 Lehman,	 Rumble,	 Flake,	 &	Thompson,	 2008;	
Borgo	&	Conover,	2015;	but	see	Pleasant,	Dabbert,	&	Mitchell,	2003;	
Moynahan,	 Lindberg,	 Rotella,	 &	 Thomas,	 2007).	 Additionally,	 some	




ator	 detection	 of	 airborne	 odor	 cues.	 Specifically,	 turbulence	 (i.e.,	




coming	 difficult	 to	 detect	 and	 track	 to	 a	 source	 in	 high-	turbulence	
conditions)	 (Conover,	 2007).	 Additionally,	 updrafts	 are	 expected	 to	
elevate	 odor	 plumes	 above	 the	 detection	 height	 of	 ground-	based	
predators,	 thus	 reducing	 the	 ground	 area	 over	 which	 odor	 plumes	
are	detectable	 (Conover,	2007).	Turbulence	and	updraft	are	both	 in-
fluenced	 by	 surface	 features	 (e.g.,	 topography,	 vegetation	 canopies)	









play	an	 important	role	 in	avian	nesting	ecology,	 the	vast	majority	of	
research	has	 focused	primarily	on	visual	 aspects	of	 cover.	Here,	we	
conducted	 an	 observational	 study	 to	 examine	 the	 role	 of	 olfactory	
cover	 in	 nest	 site	 selection	 and	 nest	 success	 of	 grassland-	nesting	







pothesize	 that	 ground-	nesting	 birds	 in	 grasslands	 select	 nest	 sites	













2  | MATERIALS AND METHODS
2.1 | Study system
Between	May	and	August	of	2015	and	2016,	we	monitored	nests	of	
Northern	 Bobwhite	 (hereafter	 bobwhite)	 (Colinus virginianus; order 
Galliformes	and	family	Odontophoridae),	and	in	2016,	we	also	moni-
tored	nests	of	Eastern	Meadowlark	(hereafter	meadowlark)	(Sturnella 
     |  6249FOGARTY eT Al.
magna;	 order	 Passeriformes	 and	 family	 Icteridae)	 and	 Grasshopper	
Sparrow	 (Ammodramus savannarum;	 order	 Passeriformes	 and	 family	
Emberizidae)	 (Figure	1b–d).	 These	 ground-	nesting	 species	 construct	
structurally	 similar	 dome-	shaped	 nests	 made	 of	 dead	 grasses	 and	
forbs	placed	in	or	near	tussocks	of	bunchgrasses	(Figure	2c).	All	three	







each	species	 typically	 remains	on	the	nest	until	 the	threat	becomes	
imminent,	at	which	point	 they	 flee,	often	 trying	 to	entice	predators	
away	from	the	nest	with	a	distraction	display	(see	below	for	informa-
tion	about	the	predator	community).

















imum	 25°C)	 and	 77%	 (minimum	 55%;	maximum	 98%),	 respectively	






lotor),	 nine-	banded	 armadillo	 (Dasypus novemcinctus),	 white-	tailed	
deer	(Odocoileus virginianus),	eastern	wood	rat	(Neotoma floridana),	and	
other	 unidentified	 small	mammals	 (Muridae	 family).	The	most	 com-
mon	snake	species	observed	in	the	vicinity	of	nests	was	the	speckled	
kingsnake	(Lampropeltis getula holbrooki)	(Figure	2b).	Previous	research	
indicates	 that	mammalian	 and	 snake	 species	 have	 highly	 developed	























Virginia	 opossum,	 striped	 skunk,	 and	 small	 mammals	 (Hernandez,	
Rollins,	 &	 Cantu,	 1997;	 Pietz	 &	 Granfors,	 2000;	 Renfrew	 &	 Ribic,	
2003).	Further,	these	nest	predators	have	collectively	been	shown	to	
depredate	nests	at	all	times	of	day	and	night	(Pietz	&	Granfors,	2000;	
Staller	 et	al.,	 2005).	The	 scarcity	of	predation	events	by	avian	pred-
















2.2.1 | Nest location and monitoring
Between	1	February	and	15	July	2015	and	2016,	we	captured	bob-
white	 with	 funnel	 traps	 (Stoddard,	 1931),	 and	 to	 all	 wild	 (i.e.,	 un-
banded)	 bobwhite,	we	 attached	 a	uniquely	numbered	 leg	band	and	
6	g	VHF	radio-	collar	(Advanced	Telemetry	Systems,	Isanti,	Minnesota,	
USA);	radio-	collars	are	very	commonly	used	in	bobwhite	nesting	re-
search	 (e.g.,	 Carroll,	Davis,	 Elmore,	&	 Fuhlendorf,	 2015;	 Lusk	 et	al.,	
2006)	and	were	<4%	of	bobwhite	body	mass.	We	monitored	bobwhite	
for	nesting	activity	with	radio-	telemetry	on	a	daily	basis	between	April	
and	 July.	 All	 bobwhite	 nests	were	 found	 by	 searching	 areas	where	
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bobwhite	were	repeatedly	observed	via	telemetry	at	the	same	loca-
tion.	To	locate	meadowlark	and	grasshopper	sparrow	nests	in	2016,	
we	 selected	 areas	with	 appropriate	 vegetation	 structure	 (grassland)	
for	these	species	(Fisher	&	Davis,	2010;	Hovick,	Elmore,	Fuhlendorf,	
















2.2.2 | Collection of habitat variables influencing 







for	 olfactory	 detection	 (Brock	 et	al.,	 1995;	McPherson	 et	al.,	 2007;	
Ruzicka	&	Conover,	2011).	To	avoid	disturbing	active	nests,	we	meas-
ured	variables	at	all	nests	immediately	after	completion,	and	random	
points	 were	measured	 throughout	 the	 nesting	 season.	 For	 random	
sampling	we	used	geospatial	modeling	environment	software	(Beyer,	












































At	 each	 point,	we	 also	 quantified	 visual	 cover	 variables,	 includ-
ing	grass	height,	horizontal	cover,	and	overhead	cover.	Grass	height	
has	frequently	been	shown	to	be	selected	for	by	birds	and	has	pre-




(Davis,	 2005;	Hovick	 et	al.,	 2014).	To	measure	 horizontal	 cover,	we	
visually	estimated	percent	visual	obstruction	starting	at	ground	level	





of	 horizontal	 cover	within	 40	cm	of	 ground-	level.	To	measure	 over-










2.2.3 | Collection of weather variables influencing 
olfactory concealment





viously	 been	 associated	with	 altering	 the	 detectability	 of	 odorants.	
Variables	compiled	 included	several	measurements	of	moisture:	 soil	
moisture	 for	 the	 top	5	cm	 (hereafter	 soil	moisture),	percent	 relative	









Additionally,	 some	 studies	 have	 shown	 a	 lag	 effect	 of	 precipitation	
one	day	after	a	rain	event	(Moynahan	et	al.,	2007;	Webb	et	al.,	2012).	
In	 addition	 to	 moisture	 variables,	 we	 also	 extracted	 a	 single	 wind	







Across	 both	 years,	 we	 found	 32	 bobwhite	 nests,	 and	 in	 2016,	 we	













For	 both	 nest	 site	 selection	 and	 nest	 survival	 analyses,	 we	 pooled	
nests	 for	 all	 species	 to	allow	general	 assessment	of	olfactory	 cover	
hypotheses	 for	ground-	nesting	birds	 in	grasslands	and	also	because	
sample	size	constraints	limited	separate	analyses	for	each	species.
All	 analyses	 were	 conducted	 in	 R	 version	 3.2.2	 (R	 Core	 Team,	
2015).	 For	 both	nest	 site	 selection	 and	daily	 nest	 survival	 analyses,	
we	used	a	mixed	effects	modeling	framework.	We	treated	species	as	
a	 random	 effect,	 assuming	 varying	 intercepts	 and	 fixed	 slopes	 (i.e.,	
a	 random-	intercepts	 model),	 to	 account	 for	 potential	 dissimilarities	
among	 species	 (e.g.,	 in	 the	 amount	 and	 type	 of	 odor	 produced).	To	
assess	whether	birds	select	nest	sites	for	olfactory	and/or	visual	cover,	
we	compared	all	vegetation	and	airflow	variables	between	nest	sites	













els	 (GLMMs;	 glmer	 function	 in	 package	 lme4)	with	 a	 binomial	 error	















Likelihood	 ratio	 tests	 relative	 to	 the	 null	 model	 indicated	 that	 tur-
bulence	 intensity,	 airflow	 slope,	 horizontal	 cover,	 and	 grass	 height	
were	not	significantly	different	between	nest	sites	and	random	points	








nest)	 were	 successful.	 Because	 we	 removed	 abandoned	 nests	 (i.e.,	
included	nests	were	either	 successful	or	depredated),	 survival	 rates	
directly	reflect	probability	of	surviving	depredation.	Average	daily	sur-
vival	 rate	estimated	 from	the	null	model	 (all	 following	daily	 survival	
rate	estimates	include	±	SE)	was	0.916	±	0.001.
To	 assess	 the	 relative	 importance	of	visual	 cover,	 as	well	 as	 air-
flow	and	weather	variables	associated	with	olfactory	cover,	 in	 influ-
encing	 daily	 nest	 survival	 probability,	 we	 evaluated	 18	 candidate	
models	 (one	null	model,	 three	visual	 cover	models,	 three	airflow	ol-
factory	cover	models,	and	11	weather	olfactory	models;	Table	1).	Of	
these,	 four	weather	olfactory	models,	but	no	airflow	olfactory	or	vi-
sual	 cover	 models,	 were	 strongly	 supported	 (ΔAICc	<	2),	 indicating	
that	weather	 olfactory	 variables	most	 strongly	 influenced	 daily	 sur-
vival	rate	(Table	1).	The	top	model	(ΔAICc	=	0.0,	ωi	=	0.26)	contained	
precipitation;	 this	 variable	was	 positively	 associated	with	 daily	 nest	
survival	 (β	=	1.001	±	0.576)	 (Figure	5a),	 and	 the	 model	 indicated	 a	
0.895	±	0.020	chance	of	nest	survival	on	days	with	no	precipitation	
compared	 to	 a	 0.999	±	0.016	 chance	 of	 nest	 survival	 on	 days	with	
5	cm	of	precipitation.	The	second	best	model	(ΔAICc	=	0.9,	ωi	=	0.16)	
















































































































lence	 intensity	 or	 airflow	 slope,	 variables	 associated	with	 olfactory	
cover.	 As	 described	 in	 detail	 below,	 overhead	 cover	 could	 provide	
multiple	 benefits	 to	 nesting	 birds,	 including	 both	 visual	 and	 ther-
mal	 cover.	We	 also	 found	 that	 weather	 olfactory	 variables	 related	






















































































Model type Model Ka ΔAICcb ωic
Weather Precipitation 3 0.0 0.26




Weather Humidity	+	wind	speed 4 2.0 0.09









Weather Previous-	day	precipitation 3 4.5 0.03
Null Null 2 4.9 0.02




Visual Horizontal	cover 3 6.7 0.01
Weather Wind	speed 3 6.7




Weather Soil	moisture 3 6.9 0.01
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communities	for	the	species	in	our	study	have	found	little	if	any	depre-
dation	by	avian	predators	(see	predator	information	in	Section	2;	Lusk	










2015;	 Grisham,	 Godar,	 Boal,	 &	 Haukos,	 2016;	 Hovick	 et	al.,	 2014).	








study	only	 quantified	 aspects	 of	 habitat	 related	 to	 cover,	 and	 there	






Although	selection	 for	 thermal	 cover	has	been	shown	 to	be	 im-
portant	 in	 subtropical	 grassland	 ecosystems	 such	 as	 our	 study	 area	
(Carroll	et	al.,	2015;	Tanner	et	al.,	2017),	 there	 is	no	evidence	that	a	
tradeoff	exists	between	thermal	cover	and	other	types	of	cover	(e.g.,	
visual	 and	 olfactory).	 Indeed,	 vegetation	 could	 simultaneously	 pro-















sons	why	we	 expected	 ground-	nesting	 birds	 in	 grasslands	 to	 select	
high-	turbulence	areas	for	the	olfactory	cover	they	provide,	including:	













Average	 daily	 precipitation	 and	 relative	 humidity	 during	 exposure	




survival.	That	 is,	 nests	were	more	 likely	 to	 survive	on	days	when	 it	






















during	precipitation	 events	 and	 that	 the	opposite	 activity	patterns	









ratio)	 prey	 items,	 which	 may	 or	 may	 not	 include	 a	 particular	 bird	
species’	nests	depending	on	the	predator	and	prey	community.	For	
instance,	 in	 systems	where	 a	 particular	 bird	 species’	 nests	 are	 not	
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a	highly	beneficial	prey	source	compared	to	others	(e.g.,	small	mam-
mals),	nest	success	 for	 that	species	would	be	expected	to	 increase	








faction	 (e.g.,	 Ruzicka	&	Conover,	 2011,	 2012;	Vander	Wall,	 1998).	






Predation	 and	 environmental	 constraints	 broadly	 influence	 animal	








selected	 to	 mitigate	 thermal	 extremes	 (Carroll	 et	al.,	 2015,	 2016;	
Hovick	et	al.,	2014;	Tanner	et	al.,	2017).
While	 habitat	 selection	 can	 help	mitigate	 the	 effect	 of	weather	
extremes,	 these	phenomena	 cannot	 be	 entirely	 avoided	by	 animals,	
and	extremes	such	as	prolonged	drought,	intense	rainfall	events,	and	








community.	However,	 further	 research	 is	needed	to	assess	predator	
foraging	 activity	 and	 nest	 success	 during	 high	moisture	 conditions.	
Nonetheless,	because	weather	can	have	large	impacts	on	animal	pop-






induced	 global	 change	 (Madliger,	 2012;	 Robertson,	 Rehage,	 &	 Sih,	
2013).
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